Purpose To conduct a prospective randomized study in order to investigate the effect of recombinant HCG (rHCG) on oocyte nuclear and cytoplasm maturity compared to urinary HCG (uHCG), for inducing ovulation in women treated with ICSI for male factor infertility. Materials and Methods We compared 89 patients randomly assigned to one of the two study groups. Group A consisted of 42 women who received a subcutaneous (s.c.) injection of 250 μg rHCG and group B consisted of 47 patients receiving an intramuscular (i.m.) injection of 10,000 IU uHCG. Results Patients treated with rHCG showed a rate of metaphase II oocytes, a number of metaphase II oocytes with mature cytoplasm and a rate of metaphase II oocytes with mature cytoplasm calculated from total MII oocytes statistically higher than in patients treated with uHCG. However this differences were not associated with a significantly better clinical outcome. Conclusion Our data show that in women treated with ICSI for male factor infertility, rHCG increases the rate of metaphase II oocytes, the number and the rate of MII oocytes with mature cytoplasm compared to uHCG. A larger study comparing transfer cycles of embryos all derived from oocytes with mature cytoplasm and transfer cycles of embryos all derived from oocytes with immature cytoplasm may be needed to clarify clinical correlations.
Introduction
The preovulatory surge of luteinizing hormone (LH) provides the physiologic stimulus for final oocyte maturation and induces ovulation, during which the ovarian follicle releases the mature oocyte that is picked up by the infundibular fimbria of the oviduct.
In assisted conception, urinary (u) HCG has been used for several years to mimic the endogenous LH surge as there are considerable structural similarities between HCG and human (h) LH, and hence both hormones stimulate the same receptor [1] . HCG is readily available in the urine of pregnant women, whereas only low concentrations of LH are found in the urine of post-menopausal women. Urinary preparations, however, are associated with a number of disadvantages, including an uncontrolled source, lack of purity and batch-to-batch variation in activity leading to variable clinical results [2] . Recombinant HCG (rHCG) was recently introduced as an alternative to urinary HCG for the final maturation of oocytes in women treated with IVF and ICSI. rHCG is derived from genetically engineered Chinese hamster ovary cells through recombinant DNA technology. This product has a high purity that facilitates characterization and quantitation by phsycochemical means, reducing the need for animal bioassays [3] . However, little information is reported in the literature on the nuclear and cytoplasmic maturation of the oocytes in women receiving recombinant HCG. Both nuclear and cytoplasmic maturation should be completed in a coordinated mode to ensure optimal conditions for subsequent fertilization. Nuclear maturation is usually closely attended by a general maturation of the cytoplasm that is characterized by an increase in number of organelles scattered throughout the ooplasm. The presence of a first polar body indicates that nuclear maturation has been reached (metaphase II (MII) stage). Mature oocyte should have an intact first polar body and homogeneously fine granular and light-colored ooplasm [4] . Disturbances or asynchrony of the processes of nuclear and cytoplasmic maturation may occur and resulted in different morphological abnormalities [5, 6, 7] . Sometimes we may find MII oocytes that have completed their nuclear maturation with extrusion of the first polar body, but they show cytoplasmic anomalies, such as excessive granularity or presence of cytoplasmic inclusions, that may be poor prognostic factors as they may be signs of oocyte cytoplasmic immaturity [5, 6, 8, 9] .
In standard IVF it is often difficult to assess the cytoplasmic morphology of the oocytes and the exact stage of maturation as the oocytes are always surrounded by the cumulus or corona cells at the time of collection. As only mature oocytes are suitable for ICSI, the cumulus cells are routinely removed for accurate assessment of the nuclear maturity and to facilitate handling during the microinjection procedure. A more precise assessment of the oocytes stage and the cytoplasmic morphology is therefore possible.
The aim of this work was to conduct a prospective randomized study in order to investigate the effect of rHCG on oocyte nuclear and cytoplasm maturity compared to urinary HCG (uHCG), for inducing ovulation in women treated with ICSI for male factor infertility.
Materials and methods
The study was conducted at the IVF/ICSI program of the GENESIS -Grimaldi Medical Group IVF Center, Rome, Italy, between January and December 2003 on infertile couples due to male factor undergoing ICSI treatment.
The study was reviewed and approved by the institutional review board at the GENESIS -Grimaldi Medical Group IVF Center. All patients undergoing ICSI and participating in the study gave informed consent.
Patients included in the study had regular spontaneous menstrual cycles (26-39 days) and were aged < 42years. All patients had acceptable follicular phase serum concentrations of FSH (≤10IU/L), LH (<10IU/L) and oestradiol (<60pg/ml), body mass index (BMI) ≤ 30 kg/m 2 , presence of both ovaries and normal uterine cavity, no assisted reproduction treatment attempts for at least two full menstrual cycles. Patients were excluded from the study if they had any clinically significant systemic disease, polycystic ovarian syndrome (PCOS), a previous history of severe ovarian hyperstimulation syndrome (OHSS), abnormal gynaecological bleeding of unknown origin, a previous history of intolerance to any of the agents used in the study. This was a prospective, randomized study.
All women were treated with a long stimulation protocol in which GnRH-analogue (Buserelin subcutaneous, 0.4 mg daily) was given as a pre-treatment and recombinant FSH (rFSH) administration was started when pituitary desensitisation was confirmed by the presence of small antral follicles (diameter 2-6 mm), an endometrial thickness < 5 mm and serum estradiol level lower than 50 pg/ml. From the 7th day of stimulation in both groups, daily monitoring of follicle size by ultrasound was performed, and plasma levels of estradiol were measured. The dose of rFSH was adjusted according to the individual response of each patient. Ovulation was triggered with HCG when plasma oestradiol levels reached between 1,000 and 4,500 pg/ml and at least four follicles > 16 mm diameter were visualised on ultrasonography. Fifty patients were randomly allocated to each of the two study groups, according to a computergenerated number sequence. Group A consisted of women who received a subcutaneous (s.c.) injection of 250 µg rHCG , and group B consisted of patients who received an intramuscular (i.m.) injection of 10,000IU uHCG. Oocyte retrieval was performed under ultrasound guidance by the transvaginal route 34 to 37 h after HCG administration. Either local or general anesthesia was used. The number of oocytes retrieved was recorded. Approximately two to four hours after retrieval, following incubation of < 30s in culture medium containing 80 IU/ml hyaluronidase, oocytes were individually treated by gentle pipetting to remove the cumulus and corona radiata cells. Oocyte maturation stage and morphology were assessed under an inverted microscope at X200 or X400 magnification. Nuclear maturity was assessed by extrusion of the first polar body in the perivitelline space. Maturity of the cytoplasm was defined as clear cytoplasm with uniform structure, homogeneous fine granularity and, absence of cytoplasmic inclusions. Oocytes were classified as follows: (i) metaphase II oocyte (mature oocyte), characterized by the presence of first polar body and an ooplasm of a light color and fine homogeneous granularity ( Fig. 1) , (ii) metaphase I oocyte (considered nearly mature or intermediate in maturation), characterized by absence of both the germinal vesicle and the first polar body, round and even in form, with a homogeneously granular and light-colored ooplasm in case of late MI oocyte, sometimes with minor central granularity in case of early MI oocytes (Fig. 2) , (iii) prophase I oocyte (immature oocyte) characterized by its distinct germinal vesicle and refractile nucleolus, with irregular shape, darkened center and coarse granular ooplasm (Fig. 3 ). Oocytes were classified according to Veeck [4] .
The rate of metaphase II oocytes was calculated and the MII oocytes were assessed for cytoplasmic morphology and maturity. MII oocytes with a light color and fine homogeneous granulate ooplasm were considered oocytes with normal morphology and classified as oocytes that have completed their cytoplasmic maturation [6] . MII oocyte with excessive granularity or presence of cytoplasmic inclusions were considered oocytes with citoplasmic anomalies and classified as oocytes that have not completed their cytoplasmic maturation and defined as MII oocytes with immature cytoplasm [6] .
Semen samples were prepared with the Swim-up method. Intracytoplasmic sperm injection was performed in all patients according to the published procedures [10, 11] . The holding and injection pipettes were made from glass capillaries with an outside diameter of 1 mm and inside diameter of 0.6 mm. ICSI procedures were carried out on the heated stage (37°C) of an inverted microscope at X400 magnification using the Hoffman Modulation Contrast System. The system included Narishige micromanipulators and a video graphic printer. Immediately before the injection procedure 1µl of the sperm suspension was diluted in a microdroplet containing 4µl of 10% polyvinylpyrrolidone (PVP), placed in the center of a Petri dish while the oocytes were placed in surrounding microdroplets containing 5µl of HEPES(N-2-Hydroxyethylpiperazine-N'-2-Ethanesulfonic Acid)-buffered culture medium covered by oil. A single spermatozoon of apparently normal morphology was then selected and immobilized, compressing the sperm tail between the injection pipette and the bottom of the Petri dish, before the injection into the oocyte cytoplasm [12] . The immobilized spermatozoon, tail first, was then aspirated into the injection pipette and moved from the PVP droplet into one of the peripheral droplets containing an oocyte. The oocyte was rotated to locate the first polar body at the 6 or 12 o'clock position, held by gentle suction on the holding pipette and the equatorial plane located in focus. The spermatozoon was then ejected slowly, close up to the tip and the edge of the pipette, which was then gently pushed deep into cytoplasm at the three o'clock position. To ensure that the spermatozoon was deposited inside the oocyte cytoplasm and not in the perivetlline space, gentle suction was applied from the injection pipette until the oolemma breaks. The cytoplasm was aspirated after rupture. The cytoplasm organelles and the spermatozoon were then ejected back into the cytoplasm slowly with the smallest amount of medium possible. Thereafter the injection pipette was gently withdrawn and the oocyte released from the holding pipette. The injected oocyte was then rinsed in HEPES-free culture medium and culture [13] .
Only MII oocytes were microinjected. Both MII oocytes with mature cytoplasm and MII oocytes with immature cytoplasm were injected in the two groups. Only a small number of MII oocytes with coarse morphological anomalies were not considered for microinjection. All ICSI procedures were performed by the same embryologist.
Oocytes with two pronuclei and two polar bodies 18h after ICSI were considered as normally fertilized. Assessment of embryonic development was undertaken after 44h post insemination. The embryos obtained were categorized on day two or three into three categories, depending on their morphological appearance. Grade A had equal and regular blastomeres without the presence of cytoplasm fragments; grade B had unequal blastomeres with or without cytoplasm fragments; and grade C were totally fragmented embryos which were not transferred [14] . Embryos were transferred 48-72h after insemination with an embryo transfer catheter. All transfers were performed by the same physician in order to avoid interoperator variability. All pregnancies were confirmed by a rising titer of serum HCG from 12 days after embryo transfer. The same luteal phase support was used in both groups: 200 mg twice a day of progesterone vaginally from the day after oocyte retrieval. The fertilization rate, pregnancy rate and implantation rate were also calculated. Statistical analysis was done using T test and Chi square as required, considering P < 0.05 as significant. 
Results
We included in the study a total of 100 infertile couples undergoing ICSI treatment for male factor who were randomly assigned to the two study groups, 50 to the rHCG group (group A) and 50 to the uHCG group (group B). Eight patients in group A and three patients in group B were protocol violators and were excluded from the study. Thus, there were 89 women in the all-patient population with 42 and 47 patients in the rHCG and uHCG groups respectively. There were no statistically significant differences between the two study groups for any demographic characteristic assessed. The mean (±SD) age of women was 35.5 ± 4.9 years and 36.8 ± 4.4 years in the rHCG group and uHCG group respectively; the body mass index 21.5 ± 5.9 and 23.3 ± 5.9kg/m 2 in the rHCG group and uHCG group respectively and median duration of infertility 4.2 ± 1.1 and 4.3 ± 1.3years in the rHCG group and uHCG group respectively. The two treatment groups were comparable for any of the initial screening hormone concentrations without statistically significant differences (mean ± SD, rHCG group versus uHCG group: FSH, 7.5 ± 2.4 versus 6.9 ± 2.5mIU/mL; LH, 5.7 ± 3 versus 5.3 ± 2.8mIU/mL; estradiol 48 ± 20.4 versus 50.6 ± 21.7pg/mL) ( Table 1) .
Similarly there were no statistically significant differences between treatment groups in the duration of stimulation ([mean ± SD] 11.1 ± 1.2days in Group A versus 11.3 ± 1.3days in group B), in the total dosages of rFSH used ([mean ± SD] 2721 ± 1048IU in Group A versus 2972 ± 1057IU in group B), in the estradiol dosage on day of HCG administration ([mean ± SD] 1709 ± 848pg/mL in Group A versus 1691 ± 773pg/mL in group B), and in the number of follicles at HCG day ([mean ± SD] 10.2 ± 5.1 in Group A versus 8.8 ± 5.0 in group B)
There were no statistically significant difference also in the number of oocytes retrieved ([mean ± SD] 8.4 ± 5.0 in Group A versus 7.1 ± 5.2 in group B). The mean number of MII oocytes was higher in Group A (7.4 ± 4.6) than in Group B (5.7 ± 3.8) but the difference did not reached statistical significance. The rate of metaphase II oocytes in women treated with rHCG was significantly higher (88.1%) than in patients treated with uHCG (80.8%) (P < 0.01). The mean number of MII oocytes with mature cytoplasm was significantly higher in Group A (7.3 ± 4.2) than in Group B (4.7 ± 3.1) (P < 0.01). The rate of metaphase II oocytes with cytoplasmic maturity calculated from total MII oocytes was significantly higher in women treated with rHCG (89.1%) than in women treated with uHCG (81.5%) (P < 0.01).
Only MII oocytes were microinjected. Both MII oocytes with mature cytoplasm and MII oocytes with immature cytoplasm were injected in the two groups. Only a small number of MII oocytes with coarse morphological anomalies were not considered for microinjection.
There were no statistically significant differences between the two groups in the median number of injected oocytes ([mean ± SD] 7.1 ± 4.3 in Group A versus 5.5 ± 3.5 in group B) fertilization rate (87.2% in Group A versus 86.7% in Group B), top quality embryo (grade A) rate (34% in Group A versus 40.4% in group B), pregnancy rate (50% in group A versus 51% in group B), implantation rate (23% in Group A versus 21.2% in group B), or miscarriage rate (19% in Group A versus 20.8% in Group B) ( Table 2) .
Discussion
Urinary preparations have many disadvantages, including an uncontrolled source, the presence of urinary contaminants and batch-to-batch inconsistency, leading to undesiderable variations in response, not just between patients, but also within the same patient from cycle to cycle and high incidence of local allergic reactions [15, 16, 17] . Recombinant technology allows to remove all urinary contaminants leading to a safe subcutaneous administration of a compound better tolerated, with fewer injection-site reactions than uHCG and also, with less batch-to-batch variation [18] .
Previous studies found that rHCG, 250 µg, and uHCG, 5000 or 10000 IU are equally effective in inducing follicular maturation in women undergoing ART [19, 3, 20] .
In this study we analyzed the effect of rHCG on oocyte nuclear and cytoplasm maturity compared to urinary HCG (uHCG), for inducing ovulation in women treated with ICSI for male factor infertility. We chose this group of patients because only oocyte denudation from cumulus cells needed to perform intacytoplasmic microinjection allows an adequate study of oocyte maturity.
In our study we note that rHCG treatment resulted in a statistically higher rate of MII oocytes (nuclear maturity) and in a statistically higher number and rate of MII oocytes with complete cytoplasmic maturation, defined as presence of clear cytoplasm with uniform structure and homogeneous granulate ooplasm. This finding is consistent with a previous study that found statistically higher numbers of mature oocytes in patients treated with rHCG compared to those treated with uHCG [21] . Uhler et al [22] in an agematched retrospective analysis also showed an increase in the number of mature oocytes in patients treated with rHCG compared with patients receiving uHCG, although this data did not reach statistical significance. The observation of lower oocyte maturity in the uHCG group is not definitely understood. Urine derived HCG is known to contain HCG degradation products [23] . This may suggest that HCG degradation products in the urinary preparation have subtle interference with the active HCG molecules and therefore with the HCG-induced cumulus-oocyte maturation. The difference in the biological activity of rHCG in human compared to that of uHCG may be suggested to explain some of our results [24] .
Our study showed no significant difference between both preparations in terms of clinical outcome. However, to correctly compare the effect of the different oocytes cytoplasmic maturity induced by rHCG and uHCG in terms of implantation and pregnancy rate, it would be necessary to compare results of transfer cycles in which all the transferred embryos were derived from oocytes with mature cytoplasm, with transfer cycles in which all the transferred embryos were derived from oocytes with immature cytoplasm.
In conclusion our data show that in women treated for ICSI, rHCG increases the rate of metaphase II oocytes, the number and the rate of MII oocytes with mature cytoplasm compared to uHCG. A larger study comparing transfer cycles of embryos all derived from oocytes with mature cytoplasm and transfer cycles of embryos all derived from oocytes with immature cytoplasm may be needed to clarify clinical correlations.
